I. Introduction
Retrofitting refers to the addition of new materials to enhance the existing structural capacities including the strength, stiffness, stability, and integrity of a building that is found to be deficient or vulnerable. It is required when the compressive strength of the concrete or the percentage and type of reinforcement are not sufficient according to the codes' requirements and also when columns are exposed to an earthquake or an accident such as collisions, fire and explosions. It can effectively raise the performance of a building against earthquake to a desired level, and to even satisfy the requirements of an upgraded design seismic code Gupta et al [1] . The most common types of retrofitting techniques are reinforced concrete (RC) jacketing, steel jacketing and jacketing with high tensile fibre reinforced polymer (FRP) like carbon, glass and aramid fibre etc. This type of strengthening improves the axial and shear strength of columns. RC jacketing of columns consists of the addition of concrete with longitudinal and transverse reinforcement around the existing columns. From different studies [2, 3] , it is proved that RC jacketing is a very effective strengthening method.
Ranjan and Dhiman [4] studied on the design procedure of Reinforced Concrete (RC), Carbon Fibre Reinforced Polymer (CFRP) and Steel Fibre Reinforced Concrete (SFRC) jacketing of failed columns for an existing building and compared the suitability of these three methods of retrofitting. For their work, a (G+3) storey building with 3 m each storey height was modelled and analyzed in STADD.Pro software. RC jacketing to these columns were designed as per IS code 15988:2013. They concluded that, the RC jacketing technique gives significant improvement in moment resisting capacity, shear strength capacity in beam and axial load carrying capacity in column and also FRP Jacketing is costlier as compared to RC and SFRC jacketing but better than RC and SFRC jacketing.
Suresh and Sachin [5] considered an L-shape multistoried building for evaluation and retrofitting work that was designed and constructed only for gravity loads. In their study, RC jacketing was used to increase the capacity of deficient columns having demand to capacity ratio more than 1 and re-analyzed to check the performance of the structure in non-linear analysis or pushover analysis by using finite element software ETABS. It was found that the structure after retrofit have more base shear capacity and displacement capacity, and less storey drift. An experimental investigation on the effectiveness of strengthening half height full size concrete columns by placing concrete jackets was carried out by Vandoros and Dritsos [6] . The same cross sectional dimensions and amount of steel reinforcement were used for the strengthened specimens and a control monolithic specimen. A significant strength and stiffness increase was observed even when the jacket was constructed with no treatment at the interface.
Campione et al [7] analyzed the behaviour in compression of RC columns externally strengthened with concrete jacketing and then developed a cross-section analysis of the jacketed member under axial load and bending moment. The analysis showed that the reinforcing technique is effective in improving both the strength and the ductility of RC cross-sections of columns. Spoorthi et al [8] performed a pushover analysis of a tall building with symmetrical plan and elevation of 5,10,15 storey building. The buildings were analyzed by using ETABS 9.7.4 for seismic zone V. Base shear, storey displacements, storey drifts and storey shears obtained from pushover analysis are about twice the storey displacements, storey drifts and storey shears of equivalent static analysis.
In this work, a G+10 storied factory building is considered to investigate the capacity of the building in both linear static analyses and non-linear static analysis (pushover analysis). The building is preliminary modelled and analyzed considering seismic effect for zone 1 by ETABS 2015 and found safe against seismic forces in the linear static analysis. Then the analysis was carried out for zone 3 and the capacity of column with existing reinforcement is then compared with demand posed by the analysis. In ETABS the DCR values for column can be found as PMM ratio and the elements having PMM ratio more than 1.0 are considered to increase the capacity by RC jacketing. A retrofitting model is also prepared with ETABS to analyze and compare the capacity of those deficient columns. Finally, the models are subjected to pushover analysis to compare the performance of the structure before and after retrofitting. This study aims to provide a guideline for RC retrofitting design and analysis with ETABS and to compare the seismic performance of the building before and after retrofitting. : 300 mm x 500 mm Column : Details of column sections are tabulated in Table 1 . All superimposed dead load mentioned above is considered for seismic load of the structure. As per BNBC 2006 [9] , a minimum of 25% of the floor live load shall be applicable for storage and warehouse occupancies. However, in this analysis 50% of the floor live load is considered in seismic weight calculations.
Load combinations
Following load combinations are used from BNBC 2006 to calculate the ultimate load and to check the capacity of the structural elements. 
III. Analytical method
As per BNBC 2006 [9] section 2.5.5.1, Equivalent Static Force Method may be used if the height of the regular structure does not exceed 75 metres and also if the structure is regular. The height of the model is 35.5 and the plan is found regular in all respect; therefore, the analysis is carried out by linear static method. Modelling and analysis of the structure is done on ETABS 2015 software. Ultimate Strength Design (USD) method as per ACI 318-11 (for analysis in ETABS 1015) is adopted because the analysis and design formulas in BNBC 2006 are same as ACI 318-11 [10] excepting the strength reduction factors. So, the strength reduction factors are changed in ETABS for analysis which is given in Table 2 . Moreover, customized programs e.g., MS Excel is also used for analysis and design checking of some elements. The performance of the building before and after retrofitting is assessed with pushover analysis. Pushover analysis is a simplified, static, non-linear method where a predefined pattern of earthquake loads is applied incrementally to the structure until a collapse mechanism is reached. Although, there are different methods for pushover analysis, basically it has been classified into two ways, force controlled and displacement controlled. In the force controlled method, the structure is subjected to lateral forces and the displacements are calculated. On the other hand, in displacement controlled method, the structure is subjected to a displacement profile and the lateral forces are calculated. However, in this work pushover analysis is carried out considering the displacement controlled method. The use of inelastic analysis procedure is an attempt to understand how structures will behave when subjected to earthquake load. 
Seismic Performance Assessment of a Multistoried Building and Retrofitting of RC Columns

IV. Results and discussion
Torsional irregularity
According to BNBC 2006, torsional irregularity shall be considered to exist when the maximum drift at one end of the structure along an axis is greater than 1.2 times the average of the drift at the two ends of the structure along the same axis. Maximum drift (displacement) at one end of the structure along Y axis is 74.3 mm and at another end of the structure is 82.7 mm.
1.2 times of average drift =1.2(74.3+82.7)/2 = 94.2 mm Since, the maximum drift value is lesser than this obtained value, hence the torsional irregularity needs not to be considered and the building is regular.
P-Delta effects
According to BNBC 2006, P-Delta effects need not be considered when the ratio of secondary moment to primary moment remains within 0.10 and also where the storey drift ratio does not exceed 0.02/R.
Drift ratio = Maximum displacement /Building height = 82.7/35500 = 0.0023 < 0.004 (i.e. 0.02/5) Since, the drift ratio is lesser than 0.004 therefore, P-Delta effects are not taken into account in the analysis.
Evaluation and retrofitting of the column
The columns having DCR or PMM ratio more than 1.0 is envisage as deficient and RC jacketing is considered for strengthening of that columns. It is seen from the analysis result that all the three sizes of the columns are found safe at seismic zone 1 but inadequate up to different stories at zone 3. The entire column of C1 at storey 1, C2 up to storey 3 and C3 up to storey 2 are found overstressed at zone 3. The maximum value of PPM ratio of the three columns up to storey 4 is tabulated in Table 3 . The following specifications for design of RC jacketing of columns are used in this study: i) Strength of the new materials shall be equal or at least 5.0 MPa greater than the existing columns [11] . ii) Minimum thickness of RC jacket should be 100 mm [11] . iii) Minimum area of steel should be 1% and also no vertical bar shall be further than 150 mm clear on each side along the tie [9] . iv) The diameter of the transverse reinforcement should not be less than 10 mm and should have 135-degree hooks with 10 bar diameter anchorage. Vertical spacing of ties shall not exceed one quarter of the minimum member dimension or 100 mm up to the length l o from each joint face of the column. The length l o shall not be less than (a) the depth of the member at the joint face or at the section where flexural yielding is likely to occur, (b) one-sixth of the clear span of the member, (c) 450 mm. Spacing in the remaining height of the member shall not exceed the smaller of 6 times the diameter of the longitudinal bars or 150 mm [9] .
Design of RC jacket for C1-350x500
New size of the column, b = 350+2×100 = 550 mm, d =500 +2 ×100 = 700 mm Area of RC jacket = {550 + (700-2×100)}×2×100 = 210000 mm So, 14-16mm Ø bars need to be provided.
Design of RC jacket for C2-350x550
New So, 14-16mm Ø bars need to be provided.
Design of RC jacket for C3-550x550
New size of the column, b = 550+2×100 = 750 mm, d =550 +2 ×100 = 750 mm Area of RC jacket = {750 + (750-2×100)}×2×100 = 260000 mm After analysis of retrofitted structure it is observed that the capacity of all columns have been increased significantly. The PMM value of the retrofitted columns is given in Table 4 . (3) given above, maximum storey drift limit is found as 11.4 mm and from the analysis it is observed that the maximum storey drift is 9.0 mm which is lies within the tolerable limit. In addition to this, a significant reduction of storey drift is noticed from Fig. 4 and Fig. 5 after retrofitting of the deficient columns compared to unretrofitted column. 
Base shear and displacement capacity
It is observed form the analysis that retrofitting of the columns increases the base shear capacity and also reduces the displacement of the structure. A plot of total base shear versus top displacement of the structure obtained by pushover analysis for both axes is shown in Fig. 8 and Fig. 9 that would indicate any premature failure or weakness. The analysis is carried out up to before collapse prevention level, thus it enables determination of collapse load and ductility capacity, and comparison of the performance of both the retrofitted and unretrofitted column model. Although the displacement capacity has not increased significantly except 14 mm increase in Y direction but it is found that the base shear capacity rose by 24.13% in X direction and 33.43% in Y direction after retrofitting of the overstressed columns.
V. Conclusions
The following conclusions are drawn from this study:
1. Building designed for seismic zone 1 can be inadequate and vulnerable at zone 3. 2. RC jacketing method significantly increases the DCR of the structure and reduces the storey drift. 3. Base shear and displacement capacity of the structure can be increased and also maximum displacement to prevent collapse of the existing building due to seismic loads can be minimized by RC jacketing. 
